Background: Currently, a clinical diagnosis of autism spectrum disorder (ASD) is determined by behavioral/ observational evaluations performed on children ages 2-5 years. Research suggests that laboratory-based tests for screening or diagnosis of ASD may be available in the future. In this study, we examined attitudes towards the acceptance of a hypothetical laboratory-based screening test for children for ASD.
Introduction
The past decade has brought rapid growth in genomic sequencing technology, metabolomic screening, and diagnostic testing. Interest in applying genomic sequencing to newborn screening (NBS) prompted the National Institutes of Health to award several grants in this area [1] . Metabolomics has also shown promise in the identification of biomarkers for a number of conditions, including autism spectrum disorder (ASD) [2] . Advances in biomedical screening techniques may someday enable pre-symptomatic identification of children at increased risk for ASD and developmental disorders. In practice, screening programs are successful when predicated on public acceptance of genetic or biomarker testing if early diagnosis can alter the phenotype.
Autism spectrum disorder (ASD) constitutes a group of neuro developmental conditions featuring three primary symptoms: impaired social interactions, limitations in communication abilities, and repetitive behaviors. Additional features of ASD may include intellectual disabilities, hypotonia, gastrointestinal issues, and sei-
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Methods

Newborn screening as a model for an ASD screening program
For this pilot study, we developed a survey for investigating peoples' views of a hypothetical laboratory-based ASD screening test for children. NBS is a premiere screening program for identifying many disorders in infancy, providing early treatment, and ultimately improving outcomes for children. Complex conditions such as metabolic disorders, cystic fibrosis, and congenital heart disease can be identified through NBS. NBS offers important lessons to consider in developing and executing screening programs. We used aspects of NBS programs to develop our survey questions for our hypothetical laboratory-based screening program for ASD. We identified four key areas to focus our inquiry. These included 1) Participant acceptance and uptake of a hypothetical ASD laboratory screening test; 2) Participant responses to screen-positive, ambiguous, or false-positive results; 3) Preferences for the administration of developmental therapies for children at risk for ASD; preferences and practical considerations for the delivery of screening results and screening costs, and 4) Assessing barriers to accessing developmental therapies. In addition, we queried participants' interest in participating in ASD research.
We administered an initial version of our survey instrument to ten parents of children with (3/10) and without autism (7/10), this data was not included in the study. The group suggested improvements for the clarity of the questions and the content, which were incorporated into the survey. The finalized survey was a 20-item instrument that included the 7-question TFA scale. It took approximately 10 minutes for study participants to complete.
Ethical approval and recruitment procedures
Two institutional review boards approved the study protocol. Consent was obtained from all participants for their inclusion in the study. Demographic and survey data was collected anonymously from participants. The survey was offered to parents and family members (18 years and older) waiting in pediatric offices for appointments for their children. Two pediatric practice locations served as recruiting sites for a convenience sample of participants. The data collection took place from 2014 to 2015.
Statistical analyses
Descriptive statistics were used to calculate frequencies in the Statistical Package for the Social Sciences (SPSS) software version 22 for each demographic category and survey question [29] .
zures [3] . ASD is high in the U. S. with a prevalence of 1 in 59 for children age eight according to the Centers for Disease Control and the Autism and Developmental Disabilities Monitoring (ADDM) Network [4] . Evidence supporting a genetic predisposition for ASD is seen in high concordance rates for identical twins (80-90%), sibling recurrence (10-30%), and gene changes in 15% to 40% of children with ASD [1, 5, 6] . However, there are hundreds of gene variants associated with the condition [7] . Whole exome studies suggest possibilities for identifying pathogenic mutations in patients with clinical features of ASD [8] . Select biomarkers that have associated with ASD include elevated serotonin levels in platelets [9, 10] , abnormal urinary catabolites [11, 12] , oxidative biomarkers [13] , serum metabolites [14] , and abnormal tryptophan metabolism [15] .
ASD is currently diagnosed through clinical assessments and observations of children provided by pediatric healthcare providers, families, and teachers. Autism can be ascertained in children as young as two years of age [16] . Multidisciplinary assessments and clinical tools for diagnosing ASD appear most accurate when applied around the age of 3-5 years, though tools are in development to identify younger children with ASD [17, 18] . The importance of early diagnosis lies in initiating early treatment. There is evidence that early intervention has been helpful for improving language skills, adaptive behaviors (social, motor, and daily living), and in reducing severity of ASD symptoms [19] [20] [21] . The American Academy of Pediatrics (AAP) recommends screening of children by 18 to 24 months of age with instruments such as the Modified Checklist of Autism in Toddlers, Revised, (M-CHAT-R/F) [22] [23] [24] . However, routine clinical screening is not universally adopted, potentially missing at-risk children [21, 25, 26] . Studies indicate that children among specific ethnic groups may be under diagnosed [27, 28] . For these reasons, early ASD screening based a valid laboratory test would be highly useful in identifying at-risk children for early institution of developmental services.
In anticipation of the development of a potential laboratory-based screening test for ASD, we conducted a preliminary investigation into public interest for a "hypothetical" laboratory-based test for ASD. We sought to understand people's perspectives of early childhood screening for ASD by a laboratory-based test. We queried study participants for their opinions of the implementation of early intervention services for children at high risk for ASD and their preferences for the delivery of ASD screening services. Because initial screening can yield ambiguous results, and there may be considerable wait time for ASD symptoms to be clinically observable (or not, in the case of false-positive results). We asked participants' for their perspectives on the uncertainties of results and a presumed time gap between an early lab-based screening test and age of onset of clinical symptoms for determining a definitive that could indicate a risk of developing ASD" (Table 1,  Q1) . Slightly fewer 37/62 (59%) indicated they were willing to have their child, "take a blood test that could indicate a risk of developing ASD, even if the test result will not guarantee with absolute certainty an ASD diagnosis". All four participants with family members with ASD reported willingness to test a child, even if the test was not diagnostic and only indicated risk of ASD ( Table 1, Q2) .
With the lag in time between the early-administered ASD laboratory-based screening test and definitive clinical assessment at around age 3, participants were evenly divided between wanting to pursue testing only in the presence of signs of ASD (51%) or without signs of ASD (49%). Regardless of the presence of signs of ASD or not, most expressed a preference for testing as early as possible (83%) rather than waiting until age 3 (17%) ( Table 1, Q3 ).
In the hypothetical case of a child testing "at-risk" for ASD, the majority (75%) of participants reported that with screen-positive ASD results, even without
Results
Participant demographics
Sixty-five participants completed the survey; 93% were female. High proportions were white (81.3%). Most had middle or high levels of education at 65.7% with at least some years of college or college degrees. The majority was employed (63.1%), and most were at mid-lower income levels (70.3%, < $39,999 US dollars per year). The mean number of children per participant was 2.2. Six participants claimed no biological children. The mean age of participants was 36.1 (range 26-67 years). Four of 65 participants had family members diagnosed with ASD; two had children with ASD and two reported another family member (not specified) with an ASD diagnosis.
Willingness to take a blood test indicating a risk for ASD
The majority of respondents (44/65, 69%) indicated they were willing to have their child "take a blood test likely to report additional anticipated barriers to early intervention participation (Figure 1b) . Both the test/ not test groups expected traveling to therapies to be a barrier while having a therapist come to the home as more convenient. Participants who were willing to have a child screened for ASD were less likely to view participation in developmental therapies as negative or as a source of stigma for a child (Figure 1b) .
Reporting results and costs of the screening test
When asked with whom participants would share the results of the hypothetical ASD blood screening test, most indicated that they would tell their child's doctor (95%), with fewer willing to share results with their family members (87%), a child's school or teacher (75%), or friends (60%). The majority of participants preferred to hear about the ASD screening test results in-person from their health care provider (79%). Only the presence of ASD symptoms, they would feel "Glad, because the test will help to identify a potential disorder and I can help my child" (Table 1, Q4) . Those indicating an unwillingness to have their child screened reported slightly higher percentages of anticipated negative feelings if the screening test suggested a potential ASD diagnosis (Figure 1a ).
Enrolling in early intervention services
If the hypothetical screening test indicated a risk of developing ASD, 73% of participants were willing to enroll their presymptomatic child in an early intervention program. An additional 21% were willing to enroll their child if symptoms of ASD were present ( Figure 1: a) Participants were asked, "Please imagine the hypothetical case that you decided to have your child tested even if he/she does not show any behavioral problems. The result you received suggests a risk for ASD for your child. How would you mainly fee about this?" We divided participants between who would choose to test versus those who would not. Most were glad of the information, but non-text takers were more distressed, upset or scared; b) Participants were asked the question "Potential barriers to enrolling your child in an early intervention program could include which of the following reasons? (Pick as many as apply):" Non-test takers perceives more barriers to obtaining early intervention services.
in screening and genetic testing. As demonstrated in our hypothetical study, screening could include the identification of markers that may confer increased risk but are not in themselves diagnostic. Policies are needed that address these new diagnostic paradigms and help solve the problems of test utility and diagnostic uncertainties in the provision of effective, ethical screening for the health of all children [36, 37] .
This work was very preliminary in nature. The total number of participants was very small and the sample was relatively homogenous with regard to gender, income, age, ethnicity, and locality. These limitations preclude generalizing these findings to other groups or drawing firm conclusions about the acceptance of a potential screening test. Further refinement of the survey is necessary for validation, and developing additional, nuanced questions about attitudes toward potential screening tests. Although the uptake by participants appeared good, we do not know how many potential participants rejected the survey or how they would have answered the questions differently from those who participated in the study. This work was an exploration of a hypothetical screening test for ASD and we believe the study participants understood the study aims. We do not know if these results would be comparable in practice if an ASD test was actually available.
Conclusions
While not yet in existence, a laboratory-based screening test for ASD could have significant utility for identifying children at-risk for autism and ameliorate issues associated with the clinical determination of ASD while improving outcomes by providing earlier treatment. Future studies can include increasing the numbers and diversity of study participants for understanding more broadly based opinions in the population about a potential ASD laboratory-based screening test. It would be very important to survey families of children with ASD who are engaged in research of biologically based screening tests to understand their responses to a potential screening test, their preferences for the results reporting process, and types of clinical supports needed for the development of optimal screening programs.
While there are potential gains from screening programs despite uncertainties in testing, there are important caveats to observe. The ethical, legal, and social implications of new genetic or biochemical testing and technologies frequently lag behind technological developments. It is hoped our study raises some of the essential questions to be asked as screening moves to new and varied test platforms. In an ideal world, screening programs offer well-developed screening tests that minimize the uncertainties associated with screen results. This is not always the case in the modern era of screening. Skillful clinical genetic counseling services 18% preferred receiving results by telephone and 3% preferred notification by mail. The majority of participants preferred a less-than-one-week turnaround time for reporting ASD results (74%). The vast majority desired the laboratory test to be either free or covered by insurance and costing less than $50 US dollars (87% of respondents).
Engaging in ASD research
Most participants, 92%, were willing to authorize use of de-identified results for ASD research. Roughly, 70% indicated interest in their families' direct involvement in the development of a laboratory-based test for ASD, if such a study existed, although 11% would participate only if paid for their time.
Discussion
The majority of study participants thought the value of an ASD laboratory-based screening test outweighed the risks and discomforts of the test rendering positive, false-positive, or inconclusive results. Previous studies of parental perspectives of genetic testing in autism noted positive attitudes toward genetic screening tests for ASD [30] [31] [32] . This study expands our understanding of peoples' responses to screening tests that do not lead to an immediate diagnosis but may take months or years to resolve. The results indicated that participants for the most part were appreciative of the knowledge of increased autism risk that could lead to an opportunity to help a child.
In our study, parents agreed they would accept early intervention services if their child was at risk for ASD. However, it is important to note that study participants admitted to potential barriers such as personal costs and travel to services that could interfere with these interventions. In recent years, there have been notable increases in ASD diagnoses accompanied by greater demands for early intervention services [33, 34] . It would be difficult to reconcile costs for instituting early intervention services in presymptomatic cases of screen-positive findings for autism. Ongoing monitoring of children at higher risk raises questions of costs for surveillance and the potential psychological stress for families during this observation period. Providing services to at-risk children before symptoms manifest would require policy changes for possible expansion of early intervention services and the development of efficient models for fair distribution of therapeutic interventions.
In response to the rapid expansion of NBS enabled by advances in screening technology, the American College of Medical Genetics refined NBS inclusion criteria to incorporate primary disease targets that meet standardized screening criteria, and secondary targets identified in pursuit of the primary targets [35] . These guidelines do not address the procedural and ethical concerns rising from issues of risk and uncertainty are a necessary component for caring for families to ensure that they have adequate understanding of complex screening results. Provider communication and counseling skills would be critically valuable in the context of a clinical screening test for autism or other complex disorders.
